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Abstract 
The paper is based on a project carried out to develop a new concept for the assessment of highway 
performance considering multi-modality, traffic management and ITS. Step by step a single-mode 
concept like it is used in the Austrian guidelines is extended to a multi-modal transport approach 
taking into account the capacity and quality of different modes on the road as well as in the corridor. 
By showing different options of meeting the quality target of road traffic this concept is aiming at a 
more efficient and cost effective use of traffic infrastructure and supporting the efficient allocation of 
limited funds. 
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1 Introduction 
The foundation of the concept that is described in this article was laid when the old Austrian 
Standard for Assessment of Road Design with the notation RVS 3.7 (FSV, 1994) was in a process of 
revision in 2001. Based on the diagnosis that in Austria like in many other countries the traffic 
situation could be characterized by growing traffic on the roads, increasing financial problems of rail 
and stringent infrastructure budgets, the experts of the relevant department of the Ministry of 
Transport decided that the revision of the Austrian standard evaluating road design should not only 
result in a mere update based on recent findings concerning the influence of road design parameters on 
traffic flow and travel speed. Over and above this, it has to be extended to a multi-modal transport 
approach considering the capacity and quality of different modes on the road as well as in the corridor. 
This should result in a more efficient and cost effective use of infrastructure on the one hand. On the 
other hand the new procedure should give a clear structure and transparency to the planning process 
and so provide a basis for the coordination of transport and land-use planning. In this regard the new 
standard should also be a tool that supports strategic decisions making on a higher level (Mailer, 
2004).  
In a tendering procedure Institute for Transport Planning and Traffic Engineering at the University 
of Technology Vienna (TUW-IVV) was commissioned by the Federal Ministry to do the research that 
should form the basis for the new standard. The research (Knoflacher, et al., 2008) was supervised by 
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an expert committee of the Austrian Association Road and Transport which is preparing and 
publishing the Austrian road standards. 
The author of this article was working at the TUW-IVV at that time and carried out most of the 
research. The recommendations have not been implemented in the Austrian standard. The standard 
was updated not before 2012 (FSV, 2012). It now has the notation RVS 03.01.11. However, its 
method is still similar to that of its predecessor. It is still not multi-modal. Therefore, the concept for 
revision developed in the research project in general and its multi-modal approach in particular are 
still up to date, maybe even more today. The findings have been published already e.g. (Mailer, 2004). 
In presenting the method this paper is based on this publication but updates it by referring to new 
findings and standards like the Highway Capacity Manual 2010 (TRB, 2010) and the Handbuch für 
die Bemessung von Straßenverkehrsanlagen (FGSV, 2015) and of course the updated Austrian 
guideline (FSV, 2012). 
2 Mono-modal Road Assessment 
The Austrian Standard for Assessing Road Design (FSV, 1994) was and still is (FSV, 2012) based 
on a typical demand oriented approach. It checks if a given traffic volume that was counted or 
predicted can pass an existing or projected road section under predetermined conditions. Average 
travel speed of private car, which is called operational speed (FSV, 1994) or traffic speed (FSV, 2012), 
serves as primary measure of traffic quality. These speeds are dependent on road design. The standard 
procedure checks if they exceed a target speed that is dependent on road function (Fig. 1). 
 
 
 
 
In the old Austrian Standard RVS 3.7 the calculation of average car travel speed for road sections 
in non-built-up areas was based on a traffic volume - travel speed algorithm. This algorithm was 
considering design parameters such as number of lanes and their width, gradient as well as the load 
factor, i.e. the ratio of design volume to capacity. The capacity value used, however, did not reflect 
capacity in the true sense. For computing this value for a rural road segment an algorithm similar to 
that defined in the third edition of the HCM (TRB, 1985, 1994) for computing (service) flow rates was 
used. In the old Austrian standard the parameters determining the capacity value were design 
parameters like number of lanes and their width, curvature, overtaking sight distances as well as the 
influence of heavy vehicles depending on their proportion in the traffic stream and the gradient. Due to 
the definition of the corresponding adjustment factors the capacity value included the influence of 
these parameters on travel speed already. In the current Austrian Standard the influencing factors 
considered in the calculation of travel speed are very similar even though in line with the 
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Figure 1: Typical Mono-modal Concept for Assessment of Road Design 
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recommendation of the concept for revision factors like lane width or overtaking sight distance are not 
used any more. 
For road segments through urban areas the calculation of average travel speed took the prevailing 
speed limit as starting point. The distance to buildings or other lateral restrictions, the numbers of 
junctions, access roads and driveways as well as local restrictions of road width were considered.  
For longer road sections with changing design operational speed was calculated for each section 
and a weighted average had to be worked out including also the lower speeds in urban areas and delay 
at traffic lights. Average operational speed had to be higher than a minimum speed fixed for defined 
road categories. If operational speed was too low, road design had to be changed (Fig. 1). According 
to the parameters used this meant that more or wider lanes and/or modifications of alignment and/or 
gradients were necessary. Since longer sections through urban areas reduce average operational speed, 
bypass roads were also a frequent measure to meet the speed target. This is still similar in the current 
standard. 
3 Changing the Target 
In the process of reconsidering the method of the Austrian standard the usefulness of defining 
travel speed as primary measure of traffic quality was also questioned. Problems related to road design 
in hilly or mountainous regions resulting in unreasonable alignment and expensive road construction 
had been addressed earlier already, e.g. in Germany (Brilon, et al., 1994). Also practitioners reported 
problems in justifying large-scale road reconstruction with little speed differences. In this context it 
seems to be better to introduce the load factor as primary measure. Being defined as the ratio of design 
volume to the capacity of the road the load factor reflects the utilization of capacity. Bearing in mind 
that many parameters of road design as well as traffic composition have significantly lower effects on 
capacity than on travel speed, it seems better to introduce the load factor as primary measure. Being 
defined as the ratio of design volume to the capacity of the road it gives priority to capacity allowing 
for a more efficient road design, because this approach in combination with current research 
knowledge changes and reduces the factors influencing the assessment. For instance, within the usual 
range lane width is not influencing capacity. So this parameter is not relevant for the assessment 
anymore. Obviously, the influence of slower heavy goods vehicles is not the same on capacity as on 
car travel speed. Similar considerations apply for curvature, speed limits and lower speeds in urban 
areas.  
Furthermore, by reflecting the utilization of capacity the load factor is directly related to reliability. 
Lower load factors mean that traffic flows are farther away from the unstable traffic conditions at 
capacity and offering users a higher reliability of travel times. Of course due to the fundamental 
relationship between load factor, traffic density and travel speed this still implies higher travel speeds 
for roads of higher priority. However, to focus on reliability is not merely in line with a transport 
planning perspective based on constant travel budgets as they were outlined by Schafer (Schafer, 
1998) (Schafer, 2000) for instance that in consequence leads to questioning the importance of travel 
speed (Mailer, 2001), but rather emphasizes the users perspective that a transport infrastructure has to 
ensure to reach a destination at the expected time of arrival. The importance of reliability in the 
context of transport quality can be supported by findings of surveys asking for driver ratings (Mailer, 
et al., 2008). 
However, since roads are rarely operating at volumes approaching capacity, high volume traffic 
data is difficult to obtain. Thus theoretical considerations had to be used to develop the new 
methodology. These considerations have been supported by the updated procedures of the fourth 
edition of the HCM already (TRB, 2001) and later by the first edition of the HBS (FGSV, 2002). As a 
result in the new concept the factors influencing capacity of rural roads were reduced to the effect of 
heavy vehicles depending on their proportion in the stream and the gradient of the road. 
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Referring to the definition of level of service (LOS) for freeway facilities in the current HCM it 
has to be noted that vehicle density as a LOS descriptor meets most of the considerations as well. But 
when it comes to multi-modal assessment it cannot be transferred as easily as a load-factor concept. 
The HBS 2015 also uses densities to determine LOS of rural roads. However, its speed-volume-
diagrams that are the basis for the calculation of the density show a considerable influence of heavy 
vehicles in combination with curvature on capacity. For motorways the HBS uses loading-factors as 
LOS criterion (FGSV, 2015). 
To sum up, for the revision of the Austrian standard it was recommended to change the target from 
speed to load factor since this not only simplifies the procedure and so increases its user-friendliness 
but also might help to reduce road construction costs. Local bottlenecks like traffic lights can be easily 
included by calculating their capacity and load factor. Longer road sections are still split up in 
segments having uniform traffic and road conditions. But the reduction of the influencing factors 
results in fewer segments. All segments, all bottlenecks and all junctions have to be able to 
accommodate the design volume considering its actual traffic composition. For the assessment of the 
total road section a weighted average load factor is worked out based on the lengths of the segments 
and the sections influenced by junctions or bottlenecks. 
4 Developing a Multimodal Approach 
To change the primary measure of traffic quality and to use a reasonable definition of design hour 
volume (DHV) already provide a basis for more efficient road design. But aiming at an approach that 
also includes other modes it is obvious that it is not suitable to use vehicle units or personal car units 
respectively to describe traffic volumes. Vehicle units can neither be compared nor directly 
transformed to other modes. So, the first step towards a multi-modal approach is to focus on transport 
demand, hence looking at people and goods that are to be transported. 
4.1 Extending the Mono-Modal Approach on the Road 
Recalling the transport purpose of traffic adds another dimension to capacity assessment. Capacity 
is defined in terms of the maximum combination of persons and goods that can be accommodated by a 
given traffic facility under prevailing conditions. This approach not only considers capacity of the 
infrastructure itself but also capacity of the means of transport. For road transport car occupancy and 
the loading of goods vehicles gain importance. So this approach shows different ways how road 
capacity can be improved. It allows the consideration of traffic management measures. Measures 
which are able to improve car occupancy or loading of goods vehicles can increase transport capacity 
in terms of persons and goods without increase of road capacity in terms of vehicles. Increase of 
vehicle occupancy or utilization can be seen as improvement of efficiency by better use of existing 
seat capacity or space in the vehicles going hand in hand with reduced vehicle load and resource 
requirement (space, energy, environment,…). 
So this first step of extending the vehicle based single-mode approach already shows alternative 
ways of meeting a load factor benchmark. If capacity and design volumes are defined in passenger and 
goods units, useful and effective traffic management measures can increase road capacity and so 
decrease the load factor for a given design volume. This adds various scenarios to road improvement 
measures and so provides different options to react on failing the road traffic quality benchmark. 
These scenarios comprise management of goods and management of private car (PC) traffic (Fig. 2).  
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Since roads always have to serve both passenger and goods transport, both scenarios are closely 
related. When maximum flow of vehicles is limited to meet traffic quality targets, measures related to 
both scenarios can help to accommodate the combined transport demand. Improvements of car 
occupancy, for instance, can result in free transport capacity for more passengers or goods or both. If, 
on the other hand, management measures succeed a more efficient goods transport, hence in reducing 
the number of goods vehicles needed to transport the given quantity of goods, additional capacity for 
passenger transport is gained. In both cases the same number of vehicles can transport more 
passengers and/or goods. 
The different scenarios are of course not equal in respect of effectiveness, efficiency and chance of 
realization. Therefore it is necessary for all scenarios to identify those measures or sets of measures 
which can make the scenario meeting the benchmark. Thus, finally feasibility and cost-benefit 
analyses have to be carried out to find out which of the measures can be realized and which of them 
are most effective and most efficient in bringing traffic quality to the desired level. Many traffic 
management measures are related to origin and destination areas of the trips rather than to the road 
section that is traversed (e.g. parking policy). For these measures it is necessary to give up cross-
sectional demand analysis. The procedure has to be extended to an origin-destination based method. 
This requires a much wider data base and a suitable transport model. The model has to be able to 
compute the effects of different measures of infrastructure extension and traffic management on the 
flows of passengers and goods on the road. The possibilities of changing occupancy rates (persons and 
goods per vehicle) have to be evaluated as well by analyzing the potential of different measures. This 
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Figure 2:  Extended Concept considering transport demand and capacity in passengers 
and goods allowing for different management scenarios of a more efficient 
road transport 
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shows that even in a single-modal procedure the change of the transport paradigm alone results in an 
extended demand for data, tools and expertise. Or, to put it the other way round, more effort has to be 
put in the preceding planning process to find the most efficient way to achieve the target traffic 
quality.  
This applies even more when it comes to multi-modality. It is generally assumed that the 
consideration and coordination of different modes will result in a more efficient transport system. But, 
of course, there is a trade-off between cost savings in realization and planning effort. The much more 
complex multi-modal consideration implies a need for more local data and information about the 
nature of peak traffic to make informed judgments.  
In the assessment of roads the first level of multi-modality refers to public transport on the road, 
hence to public bus (or tram) services. To identify the potential of modal shift it is necessary to know 
origin, destination and time constraints of the people using a specific road section. Measures that 
succeed in making people change from car to public transport are increasing bus occupancy, hence 
vehicle utilization. So again the same number of vehicles can transport more passengers and goods. 
This adds a further scenario to make road transport more efficient, i.e. the management of public 
transport (PT) (Fig. 2). 
4.2 Extending the Assessment from the Road to the Corridor 
To complete the multi-modal approach the concept is, finally, extended to the corridor. The 
corridor comprises the road section that has to be assessed as well as all parallel means of transport. 
The whole transport demand in passengers and goods using this corridor is taken into account. 
Corridor capacity results from the capacity of all means of transport. But, since the standard still 
remains a road standard the assessment procedure focuses on road capacity utilization. The transport 
contribution of the other means of transport is considered as reduction of the transport demand on the 
road. The share of the transport demand which is accommodated by other means of transport can be 
deducted from the corridor demand to get DHV for the actual assessment of the road. In this concept 
the road has to accommodate the demand which is not accommodated by other means of transport. 
Consequently, when the road fails its traffic quality target this can be interpreted as insufficient 
performance of the alternative means of transport. This approach results in another scenario of making 
transport more efficient, i.e. management of modal split (MS) in the corridor (Fig. 3).  
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For this multi-modal approach a suitable transport model is needed to identify the potentials of 
mode shift in the corridor and to estimate effects of appropriate measures. It has to be based on data 
about origin, destination and time constraints of passengers and goods allowing the calibration for the 
present situation. The model has to be able to compute the effects of various management measures on 
mode choice. Therefore it has to consider all parameters describing transport quality of the different 
modes including mode availability and accessibility, travel time, costs, reliability and comfort. Based 
on the model different scenarios to meet the traffic quality target on the road can be worked out. Due 
to the multi-modal concept suitable measures might be related to other means of transport as well. 
Measures improving capacity utilization of rail, for instance, will result in better capacity utilization of 
the corridor. Investments in rail capacity might also be suitable to reduce transport demand on the 
road, hence to ensure adequate quality of road traffic. Considering the heterogeneity of suitable 
measures related to the different scenarios, feasibility and cost-benefit analyses have to be applied to 
identify most effective and most efficient measures. 
4.3 Developing the Approach Further 
The extended concept of road assessment is allowing multi-modal capacity utilization and capacity 
management to meet quality targets of road traffic. It supports the identification of different scenarios 
how transport demand can be accommodated adequately. It extends the range of suitable measures to 
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Figure 3:  Further extended concept including all means of transport in a 
corridor and different modal split scenarios 
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respond to unsatisfactory quality of road traffic. Apart from road improvements it allows for 
management measures controlling a given demand rather than just accommodating it. Still, the 
procedure is demand oriented. It is not questioning transport demand. It is not looking for measures to 
usefully reduce transport demand by changing travel patterns. This would require including the 
relationship between transport and land-use. However, the model could be extended to an integrated 
transport and land-use model considering the effects of land-use measures on transport demand. On 
the spatial planning level the function of a road or corridor can be reconsidered as well. The research 
pinpointed the need for these further developments in the assessment of roads and other transport 
infrastructure. 
5 Conclusion 
In a situation of growing transport demand and limited funds for infrastructure improvements the 
assessment of road design has to be reconsidered. In Austria the revision of the relevant standard is 
using two tracks to make transport more efficient in order to ensure adequate quality of road traffic. 
On the one hand making capacity utilization the primary measure of service quality already results in 
more efficient road design. Compared to a speed oriented approach the assessment based on capacity 
reduces the influence of design parameters like horizontal alignment and grade as well as of the traffic 
mix (proportion of heavy vehicles). 
The change of the transport paradigm, however, opens an additional dimension to the assessment 
of capacity utilization. In order to allow for multi-modal considerations, transport demand has to be 
measured in persons and goods rather than in vehicle units. For the assessment of roads this combines 
the utilization of traffic capacity in terms of vehicles with the utilization of vehicle capacity in terms of 
occupancy and loading. So the approach allows considering the characteristics and potentials of public 
transport on the road and of alternative means of transport in the corridor. Different scenarios can be 
worked out to accommodate transport demand more efficiently. To identify the measures related to 
these scenarios a suitable transport model is needed. It has to be calibrated with origin-destination 
based travel data. The evaluation and comparison of scenarios requires feasibility and cost-benefit 
analyses of the related measures. 
Due to the complex mechanism determining modal split and mode shift potentials the 
consideration of multi-modal capacity in road assessment results in a substantially increased effort 
demanding adequate models and expertise. However, the application of a multi-modal approach makes 
sense particularly for the assessment of large infrastructure projects. The outlined concept provides a 
clear and transparent structure for the planning process. It pinpoints unutilized capacity and allows 
identifying effective and efficient measures to ensure adequate service quality. Thus it provides a 
useful decision tool for the allocation of limited funds, especially for governments which are 
confronted with claims for investments in different modes. 
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